Drawing on evidence on the home furnishing sectors in Italy during the XX century, the aim is to understand the instituted processes that facilitated the translation of design know-how from being project-specific to becoming relevant to broader remits. The paper contributes to the debate on industry evolution by incorporating the institutional dimension to the organisational and technological changes taking place at both firm and industry level.
Introduction
The paper focuses on the multidimensionality of design activities and their pervasiveness at different levels of firm and industry organisation. Design can be understood as a set of routines aimed at meeting functional or aesthetic considerations. In prima facie, design consists of a set of criteria and rules of implementation embedded in the intricate productprocess relationship (Nightingale, 2000) . Nevertheless, by spurring multiple associations across functionalities of products and processes, the remit of design often extends beyond the creation and modification of physical objects. We draw attention to design routines that achieve the broader scope of shaping the 'cognitive frame' (Kaplan and Tripsas, 2008) , that is, the criteria by which specific know-how is transferred to other dimensions and, eventually, the very organisation of firms and industry. Accordingly, the present paper seeks to articulate in detail the processes that facilitate the development of design routines and their application to more general sets of problems. In focussing on this cumulative implementation, we emphasise the interaction between scientific knowledge, that is typically available via formal training, and practical know-how, that often stems from experiential learning and diffuses via informal channels (see Vincenti, 1990 , Rosenberg, 1998 .
Our study draws on and contributes to both the literature on the development of firm capabilities and on the emergence of specialisation patterns within industry (Klepper, 2002; Malerba and Orsenigo, 1996; Nelson and Winter, 1982; Rosenberg, 1963) . Understanding how cross-functional activities like design are embedded within a firm's products, production and delivery, and appreciating the associated organisational consequences, resonates with the literature that stresses the mutual interdependencies between the dynamics of technological knowledge and the division of labour (Langlois, 1992; Richardson, 1972; Rosenberg, 1963) .
Therein, key questions concern the balance between activities carried out within and beyond firms' boundaries, as well as their relative positioning within changing industry landscapes (Antonelli, 2006; Metcalfe, 1998; Richardson, 1972) . Design activities are a good case in point given the broad range of sub-sectors they contribute to and the heterogeneity of expertise that their implementation entails (Heskett, 1980; Olins, 1986; Politi, 2000; Sparke, 1983) . We take the experience of the Italian home furnishing sectors as illustrative of the interplay between organisational, technological and institutional pathways in defining the systematisation of knowledge involved in design-related routines. 1 The paper contributes to existing scholarly work both on the micro-dynamics of the firm and development of firm capabilities, from an inside-out perspective, and on industry-level dynamics, driven by interaction between firms and extant institutions. This dual lens is appropriate considering the multi-faceted nature of design, which involves decisions about a broad number of issues, including form and function of products, the modes of production and delivery, and meanings (Walsh, 1996) . By exploring the pathways through which design emerges and becomes established as an independent activity, the present study provides fresh insights on the emergence of a business function, arguably a neglected theme in the organisational literature. Furthermore, the paper adds to the literature on industry evolution by suggesting that industry dynamics does not boil down to mere entry/exit of firms but encompasses the emergence of synergies amongst organisational, technological and institutional spheres (Malerba, 2002; Nelson, 1994) .
The remainder of the paper is structured as follows. Section 2 reviews the literature on firmand industry-level dynamics and introduces the context of the design activity. Section 3 presents the empirical material and illustrates the main findings on the evolution of design as an industry as well as the organisational consequences at firm level. After the discussion of Section 4, the last Section concludes and summarises.
Dynamics of industries and firms and the division of knowledge
This section lays out the conceptual background of the paper. In the first part, we bring together different strands of literature focusing on instituted processes for knowledge generation and diffusion at the heart of the twin dynamics of firm development and industry evolution. Subsequently, we describe the nature of design activities, account for the different angles of analysis presented in the literature, and for the pervasiveness of design at multiple levels.
Background: technological change and innovation
Numerous empirical studies insist on the centrality of technological change for firm development and industry evolution (Marsili, 2001; Nelson and Winter, 1982; Rosenberg, 1982 ). Rosenberg's (1963) study on the strategic importance of manufactured durables' production in mid-XX century America is a classic point of reference for this literature. The development of the machine tool industry and the subsequent technological convergence in the late XIX and early XX century paved the way to large scale utilization of a core pool of skills, despite their specificities, across all the machine-using sectors.
2 This process bears testimony, Rosenberg suggests, to emergent interdependence across diverse industries, hinging upon a limited number of problem-solving processes that eventually became "the specialised function of a well-organised industry " (1963:443) . The story of the machine tool industry is often interpreted as a primer into the broader phenomenon of industrial settings, affecting the patterns of specialisation of the firms that operate within it (Miozzo and Grimshaw, 2011) . In our opinion, however, Rosenberg's analysis elucidates yet another important issue, namely, the effects of specific knowledge bases growing within firms and affecting the 'ecosystem' of competencies and selection rules. To develop this point, we look at technological change at firm level and articulate the steps through which product-specific problem-solving activities are abstracted from a specific context of use and diffused at broader levels.
According to Nelson (1994) , the growth of an industry is the result of an orchestration among technology (that is, the body of knowledge underlying sets of instructions), organisations and institutions. Becker et al., 1997 , Stigler, 1991 . Nevertheless, knowledge bases within firms develop incrementally and without a predetermined order and, as a result, it is difficult to detect whether increased specialisation prompts a division of labour at firm level or whether the process occurs the other way around. Moreover, and central to our argument, this process depends on the skills sets that are available at any time and, a fortiori, on the mechanisms that facilitate their diffusion. Rosenberg (1976) argued long ago that progressive knowledge diversification and division of labour require the reorganisation of the transmission mechanisms that allow coherence across increasingly specialised activities. But while the point that knowledge evolves as a byproduct of innovation is widely accepted, the analysis of the institutional mechanisms that permit the absorption of practical know-how in formal training is arguably underdeveloped in the innovation literature (Vona and Consoli, 2011) . Rosenberg (1998) contributed to this debate by depicting curriculum development as a vehicle for channelling the latent potential of novel scientific know-how. The creation of chemical engineering in 1888 illustrates the importance of adaptive institutional settings in facilitating the emergence of a 'roundabout' discipline, that is, an area of specialisation acting as incubator for novel practices. Rosenberg (1998) emphasises the progressive interpenetration of two traditionally separate bodies of knowledge, chemistry and engineering, whose institutionalisation benefited initially the specific needs of the petroleum sector and, subsequently, became the main feedstock for a broad range of industrial users. In so doing, the newly created engineering discipline generated an inter-temporal spillover that binds together existing know-how with new knowledge: "a new blueprint today spills over to lower the cost of future blueprints" (Rosenberg, 1998:168) . 3 Underpinning this story of increased specialisation and division of labour are other factors, namely: the interaction between university (notably, the newly formed chemical engineering department at MIT) and industry, which spurred the establishment of a curriculum of marketable skills; the increasing demand for chemical engineers during the First World War to ensure supply of munitions, nitrates and gasoline;
and, finally, the rising use of liquid fuel due to the expansion of the automobile industry.
Another milestone in the development of the discipline was the conceptualisation of 'unit operation' by chemist A.D. Little in 1915. This process of intellectual abstraction of problemspecific know-how opened up the implementation of chemical engineering beyond the petrochemical industry and towards the broader remit of general-purpose production activities and technical equipment. Transliterating Rosenberg (1976) , the concept of 'unit operation' became the focusing device of a broad range of industries because it favoured the standardisation of specific tasks and, as a result, the replication of the benefits derived from undertaking innovative activities.
Vincenti's (1990) study on the impact of engineering knowledge in the aeronautical industry is another classic reference for the analysis of knowledge systematisation. Looking at the relationship between experiential know-how and scientific knowledge in the collection of instructions for aircraft control, Vincenti describes the institutionalisation of operative standards for airplane control in the early 1920s culminating in a newly created teaching module, Control-Volume Analysis. The latter encompasses routines and specifications for engineers to apply "the physical laws governing mass, momentum, energy and (when needed)
entropy" (Vincenti, 1990:113) . This, Vincenti insists, is a paradigmatic example of how recursive learning in practice contributes to the abstraction and codification of operative criteria, thus consolidating the notion of engineering epistemology as an autonomous body of knowledge based on problem-solving heuristics rather than on science.
Both the contributions of Rosenberg (1998) and Vincenti (1990) elucidate important aspects of the mutual influence between scientific knowledge and practical know-how. More than this, they flesh out the interplay between pathways for knowledge transmission and experiential learning-by-doing. The establishment of a new discipline and its further development as a general-purpose technology are the result of distributed adaptive behaviour across the institutional domain and the evolving population of capabilities that make up the industry at any time. 4 This resonates with our earlier proposition that the interplay between division of knowledge and division of labour is crucial in order to appreciate how relationships across actors drive the path of industry evolution (Nelson, 1994) . The next subsection will explore some possible conceptual routes to explain the coordination of the establishment and functioning of these new conjectures by looking at design activities.
Context: the growing remit of design
To some extent, design has been a central part of firm strategies for as long as the physical properties of materials have demanded the implementation of dedicated routines to achieve desired product specifications. Rooted etymologically in 'making of a drawing' the term design refers to a wide variety of contexts such as creativity, organisation of production, as well as articulation of engineering principles. The paucity of statistical data about design, both as activity and as sector, is perhaps the strongest testimony to the persistent lack of agreement as to where its boundaries lie (Beltagui et al., 2008) . 5 Nevertheless, the 'hidden role' of product design pervades the literature on innovative performance on strategic, financial (Potter et al., 1991; Roy and Wield, 1986; Walsh et al., 1988) , economic, sociological and managerial (Rothwell and Gardiner, 1983; Walsh, 1996; Walsh and Roy, 1983 ) aspects. The first major initiative by the British Government in the 1980s, the Funded Consultancy Scheme/Support for Design (FCS/SFD) programme, 6 spawned numerous reports and scientific articles (Potter et al., 1991; Walsh and Roy, 1983; Walsh et al., 1992) suggesting that product design impacts both on prices and other factors such as product performance, ease of use, durability and product delivery (Walsh et al., 1992) . More recent studies emphasise that the approach towards design management is crucial for firm performance but, still, do not spell out how design activities integrate practically with innovative practices and strategy-building (Gemser and Leenders, 2001; Hertenstein et al., 2005; Perks et al., 2005 ). Yet, as Chiva and Alegre (2009) argue, this research seems to be still at its infancy.
For the purpose of this paper, we understand design as a set of routines aimed at meeting functional or aesthetic specifications. These routines rely on properties of raw materials and on scientific principles learned via formal and informal processes. Design is operationalised through steps, namely, problem identification, problem categorisation and problem-solving.
Each of these generates feedback on which designers act upon by trial-and-error iterations around emerging configurations. Design activities apply to diverse categories of tasks to the 5 Even in a NACE context, one would struggle to find design-related activities in the same category. In NACE Rev. 1 the activity "Design and assembly of industrial continuous process control systems" is classified within Class 33.30 "Manufacture of industrial process control equipment"; the activity "Consulting architectural activities: building design and drafting, etc." within Class 74.20 "Architectural and engineering activities and related technical consultancy"; the activity "Fashion design related to textiles, wearing apparel, shoes, jewellery, furniture and other interior decoration and other fashion goods as well as other personal or household goods" within Class 74.84 "Other business activities n.e.c." (NACE, 2008) . 6 The Programme aimed at promoting the use of professional design expertise in small and medium-sized firms across the country.
effect of conferring coherence to a set of disperse elements of a problem that, just like raw materials, do not yield a clear structure in the absence of an intentional architecture. The main (and diverse) functional aspects of design can be synthesised as:
 design is an activity that relies on a diverse knowledge base, which encompasses both analytical (engineering) and symbolic (meanings) knowledge;
 design can be regarded as a process that draws significantly on creativity (posing serious challenge to codification); and  design is a service that provides input to the (innovation) strategy of the firm, both within and across organisational boundaries, i.e., both in relation to the specialisation of individual firms and the industrial domain within which they operate.
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Design encompasses the abstraction of problem-solving and the articulation of routines that apply to different projects. Our goal is to understand the instituted processes that facilitate the translation of specific design know-how from being project-specific to becoming relevant to broader remits.
Previous scholarly literature has emphasised the multiple roles of design. Kotler and Rath (1984) understand product design as strategic tool aimed at optimising consumer satisfaction and company profitability by creating performance, form, durability, and value in connection with products, environments, information, and identities. They also call attention to the importance of training general managers, marketers and engineers to understand design, and, in turn, of encouraging designers to be aware of and learn about the role and function of these staff (Kotler and Rath, 1984) . Although sympathetic with this view, Dumas and Whitfield (1989) suggest that, since it is unlikely that those involved recognise the activities of all participants in the design process, it is also unlikely for a structure (that is, a business function in the conventional sense) to develop in such a way that enables effective cooperation between these professionals. This challenges the process of coalescing design expertise with firm (innovation) strategy. Another study by Verganti (2003) appraises the central role of industrial designers within those organisations that base their strategy upon radical design-driven innovations and singles out three key ingredients of competitive advantage offered by design: a personal network of stable relationships with brokers of languages; a range of alternative channels to access this knowledge; and an apt internal coordination to support the integration of these inputs (Verganti, 2003:42) . More recently, von Stamm (2008) confirmed the expansion of pathways for the practical implementation of design within the matrix of firms' activities. Common across these works is the attempt not to reduce design to the proverbial 'eureka!' moment, in which a new idea takes shape. Elements such as aesthetics, envisioning new meanings, and improving functionality are all integral to the definition and implementation of design (Verganti, 2008) .
While in prima facie design concerns the relation between product and process (Nightingale, 2000) , we argue that by spurring multiple associations across functionalities its remit often extends beyond the creation or modification of physical objects. Our chief interest is the process by which some design routines shape the 'cognitive frame', that is, the criteria by which specific know-how is transferred to other dimensions. Interestingly, studies that focus on design concentrate on either the division of labour (Perks et al., 2005; von Stamm, 2008) or the division of knowledge (Filippetti, 2010; Ravasi and Lojacono, 2005 ). Yet, as argued earlier, innovation depends on how human capital is coordinated and managed as new knowledge is generated, new practices and skills are needed, and new types of firms emerge.
This implies articulating the relationship between changes in design practices and the systematisation of specific knowledge. By systematisation we mean abstraction of operative principles to the effect of expanding the remit of practical routines that were initially conceived for a specific purpose (Rosenberg, 1976) . Building on the cited study by Vincenti (1990) in aeronautical engineering, Nightingale (2000) elaborates a framework to articulate how technology-specific knowledge generates interdependent problem-solving tasks. He argues that innovation processes depend on the physical characteristics of the product and the institutional and organisational structure of the firm by generating a meaningful productprocess-organisation relationship. But this framework arguably neglects changes in the external institutional structure of the industry whose relevance is pivotal for Nelson (1994) .
We propose that the abstraction and systematisation of knowledge involved in design-related routines requires coordinated changes in the technological, organisational and institutional realms. In support of this argument, we recall Goffman's (1974) notion of 'frame' as the lens through which actors reduce the complexity of the environment in order to focus on particular features, make context-specific interpretations, decide and act. Kaplan and Tripsas (2008) use this concept to investigate technology evolution and define a technological frame as guiding the actor's interpretation of what a technology is and whether it does anything useful (Orlikowski and Gash, 1994) . In the context at hand, the implementation of design rules at multiple levels constitutes a cognitive frame whereby the actors involved in the abstraction of knowledge familiarise themselves with a solution while striving to identify similar situations to which that same logic applies. Previous scholarly work explored how technologies related to design and experimentation activities can reshape the mechanisms by which heterogeneous organisational knowledge sources (i.e., from various functions and domains) and types (i.e., tacit, articulable and codified) are transferred within and across organisational boundaries and the way these are integrated into virtual and physical artefacts (D'Adderio, 2001 ). The present paper takes the further step of exploring how organisational and institutional routines combine to facilitate the translation of product-specific knowledge into more general problem-solving rules.
The case of home furnishing sectors
The research context of the present study is the home furnishing sectors, which comprise the following industries: wooden furniture, lighting systems, kitchen furniture, living room furniture, bathroom furniture, office furniture, and contract design. 8 We rely on four sets of primary and secondary data sources to explore the connection between the relevant technological, organisational and institutional advancements of these sectors.
Data Sources
First, we inspected books and design catalogues from the Faculty of Architecture and Industrial Design library in Milan (Polytechnic of Milan) to gather information on: (i) the technological changes of the sectors and the advancement of the relevant knowledge bases,
(ii) the mission and objectives of the relevant actors and institutions, and (iii) the birth of a new (institutionalised) domain. Secondly, we analysed publicly available interviews with leading design experts on Italian design (www.rai.it). 9 The list of interviewees is reported in 8 From both a theoretical and a methodological point of view it would be incoherent to treat innovation in materials in a furniture firm akin to innovation in fabrics taking place within a fashion design studio: the knowledge base is different and it would be difficult to test existing theories or develop new principles. Through this set of primary interviews we captured the adaptation of firms´ organisational structures, the development and deployment of specialised competencies, and the emergence of new practices both at the micro-and meso-level. Due to limited empirical evidence available, a case study methodology has been used for its ability to offer contextual richness (Yin, 2009 ) and foster a debate in a field where variables are not totally defined (Meredith, 1998) . 12 Our focus on home furnishing sectors offers the advantage of dealing with a domain that is economically and technologically homogenous (Chiva and Alegre, 2007) . In the remainder, we articulate interesting lessons from the study of innovation in this established domain by considering key technological and industrial developments.
interviews are available at: www.educational.rai.it/lezionididesign/designers/index.htm (first access date: 17/12/2009). 10 The average product life cycle within the sector ranges between 1.5 and 3 years. We chose firms that develop new products on a yearly basis. 11 This choice prevents industry-biased findings and leaves room for cross-industry analysis. It also guarantees some homogeneity in the articulation of design knowledge. It is worth mentioning that in a design-dominated context reputation is built not only by increasing a firm's visibility but also by establishing long-term collaborations with renown designers. This draws attention to the (intangible) prestige elements of design, and it confirms the difficulty in disentangling its contribution to innovation. 12 The reader should be reminded of the challenge associated to the case study methodology and the limited possibility for generalisation. It is idiosyncratic to case study that the research flows from data to theory, yet this depends on the extent to which new theoretical insights can be generated. The adoption of multiple case studies has often been criticised (as opposed to single case study research) because of the likely lack of depth (Dyer and Wilkins, 1991) . However, in the context of this research, it is believed that selecting more than one case can be appropriate to outweigh the differences and gain additional insights about the theoretical phenomenon in object. Furthermore, due to the lack of an agreed definition of design, it would have been difficult to develop a positive, more deductive methodology to answer the posed research questions. and Art Director * Small: turnover < €7mln; Medium: €7mln < turnover < €40mln; Large: turnover > €40mln.
Key technological and institutional developments in home furnishing throughout the XX century
The home furnishing sectors experienced little technical advance in the early XX century.
While countless new machine-tools were being developed, advances in materials were limited to the field of metals until the late 1940s. Iron, in its cast state, and, later, in the form of steel, was the material of the day. 13 In this environment, craft-manufactured products such as furniture started being influenced by the advent of new materials: existing materials were being substituted by new ones in order to decrease costs and increase efficiency and it was only with the development of tubular steel, bent plywood and plastics that furniture designers began to respond aesthetically to the potential of new materials, inventing new forms 13 The French Art Deco was taking advantage of those new materials for decorative purposes (e.g., balconies and metro stations), the US had a more operative approach by developing the all-steel car body, an innovation which was made possible by using the new steel-stamping machinery (Falabrino, 2004). appropriate to the modern age. 14 The challenge had become to produce objects from everyday life in a simple and efficient way. The availability of these materials and of specialised craftsmanship (that is, availability of both knowledge and labour skills) favoured the development of a new industrial context for which no knowledge base existed before, yet a widespread enthusiasm was encouraging new entrepreneurial initiatives. Due to demand from people living in cities, 15 prefabricated construction elements were introduced for the first time in an attempt to promote economies in construction and a response to shrinking living spaces.
Along with the trend of making household products modular, manufacturers started to explore seating possibilities more systematically in the 1970s, and this led to a 60% increase in furniture production (Wulfing, 2003:44) . 14 For instance, with the introduction of the 'plastic procedure' (as defined by a designer interviewed), it was possible to produce one piece instead of three or four as before, and curves were even more pleasant. 15 In 1971, the Italian population was around 54,600,000 inhabitants and almost 50 percent of them were living in cities where there was a clear shortage of urban housing (Ambasz, 1972 (Sparke, 1986) . Since then, the yearly Salone has become central to the advancement of design knowledge and Milan a key hub for the diffusion and promotion of Italian design and the locus where exhibitors and clients meet and discuss future collaborations.
In parallel to these activities, the influence of product design on firm competitiveness and performance motivated firms to adopt a more systematic approach to the management of design-related skills. Many small workshops designed internal processes by accounting for both efficiency and innovativeness and started experimenting with new materials or technologies that could foster the systematisation and exploitation of design-related knowledge. 18 Despite the increasing interest in innovative methods of production, designers and manufacturers had still to understand the requirements of certain materials and the constraints related to production such as technical and economic aspects. Ernesto Gismondi
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-one of the leading furniture manufacturers -describes the difficulty of both technical and economic nature attached to the use of plastics. He emphasises the high complexity of the steel moulds needed to treat plastics, due to the fact that these may need up to two thousand 17 Source: www.adi-design.org//elenco-soci.html (access date: 10/09/2011). 18 Interviews with Boffi, Lago, Molteni&C and Mussi. 19 Ernesto Gismondi is the founder and chief executive of Artemide, a manufacturing group holding a worldwide reputation for having revolutionised the residential illumination sector. With an international market presence, the Artemide Group was founded in 1959 in Milan (Italy) and is known for its "The Human Light" culture, that is, a way to imagine and design light that changed the way lighting equipment is conceived. The Italian design owes high recognition to Gismondi also for his pioneering activity in plastic furniture manufacturing, through the establishment of Memphis, a laboratory where he and his team could conduct their experiments.
tons of strength and high pressure, and the extent of investments required to put them into place.
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The simple lines of the designs of the 1950s and 1960s made of wood, glass and metal by the masters of their day were again being appreciated as the poor aging process of plastics became apparent (Wulfing, 2003) . Nevertheless, research in artificial materials and new treatment of plastics continued and IT and globalisation led to a common interest: the sharing of knowledge and design concepts across sectors. 21 Thus, just as in the case of the machine tool industry (Rosenberg, 1963) , where the application of a specialised knowledge base in many industries led to product innovations through new production techniques, the use of IT for undertaking design activities fostered the sharing of knowledge across disciplines and increased exponentially their applicability. For instance, the artisanal production of wooden cabinetmaking was being increasingly replaced by numerical-controlled production machines, and the artisans were dealing mainly with the finishing touches; 22 even further, the discovery of new ways to treat materials allowed furniture makers to use plastics in more traditional pieces of furniture, such as cabinets, tables, but also in more particular objects such as chairs. 
Interplay between division of knowledge and division of labour
The 1950s saw the adoption by architects of a suite of new materials and technologies. For instance, Carlo Mollino launched the first tests on how to use wood in furniture manufacturing with the support of the emerging and flourishing industry in the nearby Brianza region. 25 Once post-war reconstruction was over, the perception of product design changed: furniture firms were using design expertise (and knowledge) to combine the benefits of technologies with product ergonomics, functionality, aesthetics, and image. For instance, the production of plastic chairs stemmed from many years of research with no particular search for a 'new' shape, but rather aimed at producing a shape that could best exploit the properties of plastics. 26 Another example is the employment of paper in lamps which was not part of the Western tradition until the discovery that the passage of light through the discontinuous filters of paper generates warmth around the lamp led to a successful product line. 27 These practical discoveries resonate with Vincenti's (1990) and Rosenberg's (1998) accounts of learning processes in the emergence of a field. In view of these contributions, our analysis seeks to capture turning points in the evolution of the complex set of design-related activities within the home furnishing sectors.
Regarding the supply of skills, the initial changes took place as a result of initiatives by both education institutions and firms becoming aware that, however important for designers, theoretical tools and quantitative data needed to be complemented by practical experience, which is often not formalised, but expressed through rules of thumb or embedded into learning-by-doing processes. This stimulated collaborations between designers and craftsmen aimed at perfecting the programming of machines and technical tools that had acquired an increasing recognition amongst furniture manufacturers. In the reminder of the section, we illustrate three instances of how the interplay between division of knowledge and division of labour impacted on organisational boundaries and the surrounding industry. 
Technology developments and changing role of craftsmanship

Prototyping and training of professionals
Technological development and regular collaboration between designers and craftsmen favoured the emergence and establishment of prototyping as a crucial step for efficient production processes. In fact, prototyping constituted the stage during which trial-and-error could take place before setting the manufacturing plants for high-volume production. 31 An example of this is offered by the case of the chairman of Olivetti, one of the first advocates of the relevance of prototyping for innovation. 32 This division of labour led universities and post-graduate schools to provide more structured training courses centred on the meaning and role of prototyping in design. 33 Looking at the curricula of major schools of industrial design (e.g., Polytechnic of Milan and European Institute of Design), one can observe that beyond the preliminary sketching skills to apply in computer-generated 3D models and rapid prototypes, central modules include principles of ergonomics, design for manufacturing production, and design for sustainability (environmental practices). The latter are referred to by interviewees as the 'hands-on' component of design. 
New technologies and change in the skills required
The advent of new technologies affected the design process and the demand for skills. Prior to the automation of manufacturing prototypes used to follow the sketch finalised by either the designer or the architect. After prototyping became established as a conventional phase of product development, the breadth of testing that could be carried out was widened and the very meaning of 'testing' changed: trial-and-error activities were undertaken with software, hence impacting positively on the efficient use of resources. 34 Even at the educational level, graduate qualifications started to include 'Rapid prototyping' and 'Use of Computer-Aided Design (CAD) software' as mandatory modules. However, as the interview data indicate, although software played a crucial role in the product development processes, designers fell out of practice with the treatment of specific materials or the use of technology. 35 This is another instance, we believe, in which external dynamics have shaped the design process (e.g., prototyping being split into digital and physical processes) and, in turn, the specialisation of professionals (e.g., designers involved first with the definition of the brief, and then with the realisation of the physical prototype).
Organisational dynamics, firm and industry evolution
In the mid-1980s a wave of technological changes across a diverse set of industries influenced significantly the development of the home furnishing sectors. On the one hand, the discovery of new materials encouraged firms to undertake R&D activities and modify internal processes to accommodate new production methods. On the other hand, furniture manufacturing firms' increased interest in technology motivated institutions to promote proactively the strategic role of design. and reproduction of the subsequent benefits through the routinisation of the relevant activities. 38 Throughout this transitional phase, firms started to 'consult' external professionals in order to improve their innovation processes, machinery or to develop profitable collaborations with the suppliers of specific materials or technologies. These professionals would have diverse backgrounds, including architecture, engineering, as well as the recently established industrial design. The motivation behind these stable relationships with client firms was the drive to learn about the client's production strategy and innovation capability, and secure a certain degree of autonomy in their decision-making. Usually, designers interact with members of the product development or R&D unit internal to the firm (the so-called 'ufficio tecnico', i.e., the office of technicians) for a twofold reason: first, the designers have to become familiar with the resources (such as skills, technologies, and production techniques) and the production capabilities of the firm; second, designers play a role in the coordination between the purely engineering-oriented approach of engineers (or technicians) with the aesthetic properties of the new product. 39 Alberto Alessi provides an insightful example of how firms needed to adjust to new technologies and materials. His firm was using the cold presswork technology for steel treatment while innovative and more efficient ways to obtain new products were being discovered (e.g., traditional technology required nearly 100 operations to produce a stainless steel coffee maker, whereas the immersion technology was quicker and even, more suitable for more complex shapes). Given that their traditional specialisation locked the firm into existing technologies, the surrounding dynamics "spontaneously forced" Alessi's opening up to new materials, machinery, and technologies.
In conclusion, the domain was being formalised and change began to take place also at the organisational level. Designers entered organisations "through the back door" as stated by one expert interviewee, meaning that despite the fact that design was not occupying a clearcut space within organisations, its role became of crucial importance for innovation. As a result, while collaborations with external professionals were still active, firms started to develop design expertise in-house, most often within the domain of the R&D department, and it could comprise a wide range of skills and competencies, "from the painter to the varnisher, 38 Interview with Baleri Enrico (source: www.rai.it, access date: 17/12/2009). 39 This statement finds unanimous support across the sample of firms with which primary interviews were conducted.
from the expert of polyurethane to that of plastics", as stated by the founder and chairman of B&B Pier Ambrogio Busnelli.
Discussion
The technological, organisational and institutional changes observed in the home furnishing sectors shaped firms' patterns of specialisation in several ways. They led to the incorporation of design into the innovation strategy of the firm and the establishment of interactions between formerly unrelated professionals (such as prototypers, designers, art directors, and experts of materials). Also, the organisational boundaries of the firm were redefined. Finally, new cross-institutional connections flourished at the meso level.
The processes discussed in the previous Section did not happen in a single iteration but rather in a cumulative sequence of transformations across industry ecology, knowledge emergence and diffusion and progressive division of labour over an extended timeframe. For instance, the emergence of various organisational roles motivated industry level institutions to organise fairs and events of interest to each particular set of professionals (such as technology fairs for product developers and fairs on materials for experts of materials). example; changes in the qualifications provided by education institutions (E); emergence of institutions (I); and finally, emergence of new professional roles (P). Our main argument is that the co-evolution of these elements over time has led to the establishment of (home furnishing) design as an 'industry'. Existing scholarly work on industry dynamics and firm growth focuses on either division of knowledge or division of labour (Rosenberg, 1963 (Rosenberg, , 1998 . The present analysis illustrates the role of industry dynamics in boosting the evolution of the design industry as well as the embeddedness of design-related knowledge within firms. This, we believe, is a meaningful contribution. While organisation studies traditionally concentrate on the internalisation (or externalisation) of new business functions (such as R&D or IT), the case of design presented here highlights the two-fold role of industrial dynamics: first, technological progress was inherently embedded into the growth of the industry (in the dynamics described earlier) and the firms, due to the role of design as booster of their (innovation) strategy; second, firms' decision-making was significantly shaped by routines and practices that have emerged within the industry (e.g., events have influenced firms' approach to design, and gained an increasingly wider audience). These remarks resonate with Nelson´s (1994) view of industry evolution discussed above.
Furthermore, the establishment of design as a discipline provides further insights into the shifting role of designers as their problem-solving skills facilitated the translation of contextspecific solutions to other projects and/or business functions (Nightingale, 2000) . As a matter of fact, starting with the delivery of a service mainly associated to products' appearance (i.e., during wartime furniture design was targeted mainly to re-furnishing damaged housing), designers became progressively involved with the R&D department and other production experts. High demand shifted the focus of design activities towards a more technological approach in which differentiation through materials or technology acquired relevance (point "a" in Figure 2 ). This context favoured the regular organisation of events (such as exhibitions and prizes) whereby the meaning of design could reach out towards an increasingly wider audience. The establishment of ADI in 1956 to support knowledge sharing of design amongst manufacturers and practitioners was yet another important hallmark for the institutional recognition of the activity (point "b" in Figure 2 ). The importance of these events for the identification of technological and other market opportunities has already been stressed (Maskell et al., 2006) . The expertise of craftsmen too gained importance and moved from being a mere alternative to high-volume production to crucial complement of designers in need of a locus for carrying out experiments on prototypes (points "c" and "d" in Figure 2 ). The organisation of teamwork within workshops fostered a constant interaction between manufacturing firms and production experts, on the one hand, and designers, on the other. Eventually, even education institutions adapted: schools at both professional and graduate level started offering different courses (such as UG degrees in industrial design, training courses on rapid prototyping, and ergonomics) to train the design professionals, rather than relying on engineers or architects (point "e" in Figure 2 ).
While increased attention of education institutions towards UG and PG design programmes point towards the institutionalisation of the field, it is important to consider the extent to which this may hinder originality and heterodox thinking among design professionals. In relation to this we coincide with Baumol (2005) in highlighting a trade-off between education that focuses on technical competence and mastery of currently available analytic tools, on the one hand, and education which aims to foster creativity and imagination that could stimulate original approaches to problem-solving, on the other. More emphasis on either one of them may hamper rather than facilitate innovation. From our study we can see that practice-based knowledge is essential for designers to encourage innovation within firm product development processes. In so doing, we do not downplay the role of formal education institutions but rather stress the fact that practical knowledge may need to constitute a significant share of design programmes.
A key element in the development of a strong knowledge base stems from designers'
progressive engagement with the manufacturing process: only through a 'hands-on' approach designers could understand the language of other specialised professionals, translate it into product characteristics and functionality, and interface with the managerial levels for strategic purposes. In particular, careful selection of materials and craft plants have helped bridge the gap between tradition and innovation and allowed for a transformation in design that enabled the two to converge (Sparke, 1998) . Parallel to this, prototyping has developed with different characteristics compared to other fields: while, for example, in aeronautics it was conceived as a methodology (Dreyfuss, 1974; Wilson and Wilson, 1965) , in furniture it developed as a stage of the production process essential to assess the feasibility and reaction of a material to certain conditions (such as pressure or temperature, for example).
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A major novelty of the dynamics represented in Figure 2 is the counter-intuitive order of institutionalisation of a given body of knowledge. Many of the professions we are familiar with, such as medical doctors or lawyers, gain formal recognition through the establishment of a professional body and the resolution of conflicts and power struggles (Barber, 1963; Etzioni, 1969; Parsons, 1968) . The case of design draws attention to a cyclical process according to which certain industry level routines have shaped organisational choices and these, in turn, spread across the industry by influencing the decision-making of institutions.
Put differently, industry dynamics triggered an implicit institutionalisation that subsequently spurred initiatives at both the micro-and meso-level by relying on a shared set of specialised skills and competencies (Rosenberg, 1976) . The case of design draws attention also to the professionalisation of a body of knowledge that was not characterised by standards to start with. Savage (1994) pointed to the emergence and establishment of a set of routines that led 40 Needless to highlight that these dynamics have reflected back on the types of specialisations that were emerging across the country: education institutions were establishing courses on specialised subjects (innovation through materials and technologies, for instance).
to the professionalisation of pharmacy, yet this field was relying on a fairly standardised (and codified) domain. The analysis of design shows how, contrary to standardised disciplines, professionalisation may unfold through both internal routines, i.e., demand for newly combined skills and subsequent emergence of a specialised knowledge base, and external routines, i.e., credentialism in the job market and accreditation via curricula development prior to the formalisation of the underlying body of knowledge. Put differently, the professionalisation of design illustrates how the expertise of individual professionals constitutes a potential source of innovation for the firm and, in turn, for the surrounding industry.
In the second Section we recounted the emergence of chemical engineering (Rosenberg, 1998) as the result of a joint effort by chemists and engineers and the catalysing role of institutions such as MIT in codifying the emergent practices. Furniture design is an example of how industry level technological and institutional dynamics shape firms' organisational boundaries: changes internal to the firm, mainly regarding the knowledge base, stimulated a response in educational and professional institutions. In other words, design acted as cognitive frame whereby practical knowledge developed within home furnishing sectors underwent a process of abstraction, translation and absorption in a different context, and the latter led to a (re)new(ed) industrial domain (Kaplan and Tripsas, 2008) .
Design and innovation scholars have argued for years over the relative importance of 'need pull' or 'technology push' for design but, as Bruce and Bessant (2002) argue, this would be missing the point. 41 Both sets of factors are important and they act like "the blades of a pair of scissors" (Bruce and Bessant, 2002: 3) -it is their interaction which leads to novel practices and knowledge.
Concluding remarks
This paper has analysed the processes that facilitate the development of design routines and their application to more general sets of problems. This cumulative implementation, we argue, stems from interpenetration between scientific knowledge and practical know-how. In fact, the history of design activity recounted here highlights the intersection of multiple 41 Sometimes the demand may be very clear and what is missing is the particular solution that fits the neednecessity being the mother of invention. And sometimes is the availability of some new knowledge -technology -which needs to find a use. Examples of such 'solutions looking for a problem' include the early days of microelectronics, the current range of biotechnologies, especially genetic engineering, and the growing set of new materials technologies (Bruce and Bessant, 2002) .
learning processes at different levels, namely: the contribution of craftsmen expertise to prototyping capabilities; the trial-and-error adoption of novel production criteria; the impact of new technologies on skills throughout the product development process, and the associated emergence of new organisational roles (such as designers, prototypers, and art directors). Our analysis articulates the unfolding of these processes with close attention to the interplay across individual skills, organisational routines and changing firm strategy. Moreover, it illustrates the cyclical process by which certain routines shape organisational choices and these, in turn, spread throughout the industry and encourage broader institutional adjustments.
Conceptually, these findings respond partially to Malerba and Orsenigo's (1996) call for an enlarged perspective in the study of industry evolution, beyond entry/exit of firms and focused also on relations between actors, knowledge bases and technologies. The paper has emphasised the role of institutions and the evolution of skills and routines both at the microand meso-level. In so doing, it adds an institutional dimension to the organisational and technological changes observed at firm and industry level. Moreover, the arguments put forth here resonate with the research agenda laid out by Ravasi and Stigliani (2012) , who warn design and management scholars about the need to extend our understanding of the broader institutional context within which design activities are carried out.
A final remark concerns the emergence of a (service) industry based on creativity rather than a more technology-or professional-oriented domain. Unlike fields such as pharmacy or law, where the institutionalisation of the fields has undergone the establishment of a professional body or specific education requirements, the design industry has been characterised by events and technological advancements that have shaped the visibility of professionals only
indirectly, yet this pulled out the systematisation of the relevant knowledge. To this extent, design is an enlightening example within the service innovation literature since it binds together creativity and professionalisation by focusing on both the specialisation of individual practitioners and firms and the establishment of institutions at the industry level. As illustrated by our findings, design has developed an identity of 'serving' other business units such as product development and strategy, which involved developing 'lateral knowledge' regarding materials, technologies or specialised training, hence establishing a stable set of relationships with the surrounding industry(ies).
Although the main aim of this study was to investigate how the interplay between division of knowledge and division of labour can support a better understanding of industry evolution and the development of firm-level knowledge base, we believe that further effort should be addressed to understanding how changes in individuals' skills have influenced organisational practices and routines. That will be our next project. engineer, set designer through the wide range of professional activities he undertook. His furniture production incorporated many innovations in terms of production techniques and materials (e.g., cold bending plywood). 
